Irradiation-induced hippocampal neurogenesis impairment is associated with epigenetic regulation of bdnf gene transcription.
Radiotherapy is often employed for the treatment of head and neck cancer. Unfortunately, its neurotoxic effects on normal brain tissue often compromise the quality of life (QOL) for survivors. Particularly, acute cognitive deficit (ACD), which can occur several days to one month after irradiation, limits its therapeutic use. Impairment of neurogenesis in the hippocampus plays a key role in the development of radiation-induced cognitive deficit, and brain-derived neurotrophic factor (BDNF) may be involved. In the present study, we re-evaluated the effects of different doses of radiation on the development of ACD in Sprague Dawley rats. Our results showed that 30 Gy, but not 2 Gy or 10 Gy of whole brain radiation (WBI), led to significant deficits in cognitive functions at one month post-irradiation. At 7 and 30 days post-irradiation, immunofluorescence showed WBI had seriously impeded the production of new neurons and shortened their survival time. Additionally, decreased bdnf mRNA and protein expression were also observed. A significant decrease in histone deacetylase 1 (HDAC1)-dependent H3 acetylation was observed at bdnf promoters by ChIP analysis. TSA, an HDAC inhibitor, triggered bdnf transcription and rescued neurogenesis impairment following WBI. In summary, our results suggest that a single-dose exposure to 30 Gy WBI induced acute cognitive dysfunction in rats. Additionally, radiation-induced persistent inhibition of bdnf gene transcription resulting from lowered rates of HDAC1-dependent H3 acetylation was associated with long-term impairment of neurogenesis in the denate gyrus (DG). Triggering of BDNF-TrkB signaling by inhibition of HDAC-1 may be used to stimulate neurogenesis.